Pollen and orbicule morphology of 26 species in the tribe Hillieae is described based on observations by light, scanning and transmission electron microscopy. Pollen and orbicule characters are critically evaluated and discussed in the context of existing hypotheses of systematic relationships within the tribe. Pollen is 3-zonocolporate with a perforate, microreticulate, reticulate or eutectate sexine. In the two species of Blepharidium, however, the pollen has one, four or five apertures. These pollen morphological data were incorporated into an existing macromorphological matrix of the group and cladistically analysed. The resulting phylogenies indicate that it may be appropriate to reduce Cosmibuena to a subgenus of the genus Hillia, while Blepharidium should be removed from Hillieae because of the deviating pollen type that is unique to the Rubiaceae. All species investigated produce orbicules, which are mostly spherical and possess an electron-lucent core that is sometimes characteristically flattened.
INTRODUCTION
Pollen morphological data possess considerable systematic value at most taxonomic levels within the Rubiaceae (e.g. Robbrecht, 1988) , although delimitation of the three recognized subfamilies is not supported by palynological synapomorphies (Dessein, 2003; S. Huysmans, S. Dessein & E. Smets, unpubl. data) . Pollen morphology often characterizes groups of genera, providing characters that are crucial to the delimitation of tribes, as in the case of the Rubieae (Huysmans et al., 2004) and the Catesbaeeae-Chioccoceae-Exostema group (Huysmans et al., 1999) .
The tribe Hillieae is a rather recent concept (Taylor, 1994; Andersson, 1995) , uniting four genera: Balmea (1 sp.), Blepharidium (2 spp.), Cosmibuena (4 spp.) and Hillia (24 spp.) . The only synapomorphy of the tribe, in its present circumscription, is the elongation of the apical part of the fruit into a beak 1-10 mm long. Until recently, the tribe was considered monogeneric and its systematic position was much debated (Robbrecht, 1988; Andersson & Persson, 1991) . Although raphides are present (except in Blepharidium), a position in the Cinchonoideae near the Cinchoneae seems most plausible. Robbrecht (1988) placed Balmea, Blepharidium and Cosmibuena in the Cinchoneae. Molecular data that clarify the systematic position of the tribe are scarce. Bremer et al. (1995) suggested a placement of Hillia near or even within the Hamelieae, based on rbcL and trnL-F data, the presence of raphides, bird pollination, right contort aestivation and a succulent habit. Rova (1999) studied rps16 sequences of Hillia, Cosmibuena and Blepharidium. In his family-level analysis, the genera appear in the Cinchonoideae clade, with Hillia and Cosmibuena sister to Hamelieae and Blepharidium occupying an isolated position in the more derived Rondeletieae complex. These results have been confirmed by trnL-F data (Rova, 1999) .
Most representatives are epiphytic shrubs or small trees growing in crevices, distributed widely in the moist and wet Neotropics (for map of distribution, see Fig. 50 in Appendix 1). Taylor (1992 Taylor ( , 1994 revised Hillia and Cosmibuena, having earlier reduced the Central American genus Ravnia to a subgenus of Hillia (Taylor, 1989) . He recognized five subgenera in Hillia, mainly based on the shape and colour of the flowers. A unique character for the genus within the family is the occurrence of a tuft of long hairs on one side of the seeds (Puff & Buchner, 1998) . Balmea is a monotypic genus and the only species, B. stormae Martinez, is endemic to a small area in central Mexico and northern Guatemala. The species was endangered because of its local commercial value as a Christmas tree, but efforts have been made to save it through cultivation (Martinez, 1942; Fosberg, 1974) . Blepharidium has two species, B. guatemalense and B. mexicanum, which occur in the same region as Balmea.
Palynological data are scarce for the tribe; four species have been studied previously. Erdtman (1971) investigated two Cosmibuena species with LM, while Andersson (1993) described the pollen morphology of Balmea stormae, H. parasitica and C. grandiflora using SEM.
Orbicules are minute sporopollenin bodies in the anther locule. Their function is still obscure, although several hypotheses have been suggested (see Huysmans et al., 1998 Huysmans et al., , 2000 . Their general presence and systematic value in Rubiaceae has been documented in two papers (Huysmans et al., 1997; Vinckier et al., 2000) . To date there has been no information about their presence in the Hillieae.
The main objective of our study was to investigate the pollen morphology and possible presence of orbicules for all genera of the Hillieae. These data, combined with the macromorphological data matrix of Taylor (1994) , were used to test the monophyly of the tribe and to evaluate the relationships between and within the genera. Combining macro-and micromorphological data proved its efficacy in providing better phylogenetic results (Carine & Scotland, 2000; De Vore et al., 2000) .
MATERIAL AND METHODS

SAMPLING STRATEGY
All taxa selected for the analyses corresponded to those selected by Taylor (1994) , including only those for which both pollen data (this study) and macromorphological data (Taylor, 1994) were available. For some taxa, only limited data were available in Taylor (1994) and they were omitted from our sampling. The outgroup was chosen based on the results of previous studies (Taylor, 1994) and included Ferdinandusa, Coutarea and Cinchona.
PALYNOLOGY
The study was based on dried material obtained from the following herbaria: BM, BR, GB, K, L, MO, NY, U, and WAG. Forty-nine specimens of 26 species were studied with LM and SEM; seven species were investigated with TEM (see Appendix 1).
Because the pollen of Hillieae is relatively thinwalled, it tends to collapse during preparation. Each specimen was therefore subjected to two different treatments: acetolysis and critical point drying (CPD). Pollen was acetolysed for 9 min in a heating block at 95 ∞C according to the method of Reitsma (1969) and embedded in Kaiser's glycerine jelly for making permanent LM slides. Acetolysed pollen was suspended in 70% ethanol and mounted on specimen stubs for SEM observation. Prior to CPD, mature flowers were rehydrated in Agepon wetting agent. The removed anthers were dehydrated through an acetone series and critical point-dried in a Balzers CPD 030 apparatus. The Blepharidium specimens were dehydrated in dimethylpropane (Halbritter, 1997) . The dry anthers were mounted on a stub with carbon strip tape. Their locules were carefully opened with forceps and needle and the excess pollen removed in order to clear the locule wall for observation of the orbicules. Micrographs were made using digital imaging on a JEOL JSM 5800 scanning electron microscope.
Anthers were fixed in 2% glutaraldehyde in 0.05 M sodium cacodylate buffer (pH = 7.3) for at least 4 h and postfixed in 2% OsO 4 . They were rinsed with buffer, dehydrated in an ethanol series and embedded in LR White resin (London Resin Co., Reading) in beam capsules. The Blepharidium specimens were dehydrated in an acetone series and embedded in araldite. Semithin sections were stained with thionin (0.1%) and methylene blue (1%) and examined with LM. Ultrathin sections on copper grids were stained with uranyl acetate and lead citrate. Micrographs were taken using a Zeiss EM 900 transmission electron microscope at 80 kV.
For each species, the equatorial diameter and polar axis were measured from ten grains, using LM slides of acetolysed pollen. Measurements of perforation size, perforation density, apertures and orbicules were carried out on digital SEM images using CARNOY v. 2.1 for Mac OS X (Schols et al., 2002) . Terminology follows the international glossary of Punt et al. (1994) , unless stated otherwise.
SELECTING CHARACTERS AND CODING DATA
Morphological characters in our analysis consisted of 30 macromorphological characters based on Taylor (1994) and 25 micromorphological pollen characters based on our SEM, TEM and LM observations. A detailed description is provided in Appendix 2.
The macromorphological data set contained 13 binary and 17 multistate characters. Fourteen of the 25 pollen characters were continuous, six binary and five multistate. Of the continuous characters, two were meristic and 12 morphometric (binary 31-36, multistate 51-55, meristic 37-38 and morphometric 39-50). The continuous characters were coded using Thiele's gap weighting method as implemented by MorphoCode (P. Schols et al., unpubl. data) , with n = 26, where n is the number of allowed character states (Thiele, 1993) . Because there are 26 character states, they were labelled both numerically 0-9 and using alphanumeric characters.
MorphoCode exports newly coded data to a Nexus file (Maddison et al., 1997) , one of the commonly used file formats for taxonomic data.
CLADISTIC ANALYSIS
In total, 55 characters (Appendices 2, 3) were scored for three outgroup and 32 Hillieae species. Cladistic analyses were performed on an Apple PowerBook G4, with PAUP* v. 4.0b10 (Swofford, 2001) and MacClade 4 (Maddison & Maddison, 2000) used for parsimony searches, character editing and cladogram examinations. The analyses included nine uninformative characters and one character is constant. A heuristic search strategy was used to find minimum-length trees. Searches were conducted with 10 000 randomaddition replicates (tree bisection-reconnection, MulTrees on).
Bootstrap analysis (1000 replicates) of the 25 taxa for which pollen morphology has been described was used to determine the level of support for individual clades.
RESULTS
The 26 species examined show considerable variation in pollen and orbicule morphology. Pollen and orbicule characters are discussed below and summarized in Tables 1 and 2 , respectively.
POLLEN CHARACTERS
Pollen size
The range of the polar axis (P) varies from 13 mm in Blepharidium mexicanum (Fig. 14) to 52 mm in Hillia macrophylla. The equatorial diameter (E) varies from 12 mm in B. mexicanum to 59 mm in H. killipii (Fig. 41) Fig. 11 ). In polar view the outline is always circular.
Apertures
Apertures of Hillieae pollen are mostly compound, as is the general case in Rubiaceae. Pollen is usually 3-zonocolporate with three noncongruent apertures on top of each other: ectocolpus, mesoporus and endocolpus. The exception is Blepharidium, which has only one undifferentiated aperture in B. guatemalense ( Fig. 13 ) and one, four or five apertures in B. mexicanum (Fig. 10) .
The ectoaperture is a colpus with the following shaped ends:
(1) truncate -Balmea ( Fig. 1) , two Cosmibuena spp.
( Fig. 17 ), H. costanensis;
Mostly, the colpi are well delimited. In a few species they are diffuse -Cosmibuena spp., H. subgen. Tetrandrae (Fig. 35) .
The apocolpium index (AI) varies from 0.29 (Balmea stormae, Fig. 1 ) to 0.66 (H. macbridei). The colpus membrane has granules in most of the species; in H. tetrandra, H. palmana ( Fig. 33 ) and H. maxonii, however, the membrane is smooth.
The mesoaperture is a lolongate porus. Except for C. macrocarpa, H. macbridei, H. killipii, H. macromeris (Fig. 43 
) H. macrophylla and H. illustris, all species show a thickening around the mesoporus (annulus).
The endoaperture is an endocolpus perpendicular to the ectocolpus in H. grayumii, H. ulei (Fig. 30) (Fig. 28) , C. macrocarpa and C. grandiflora. A few species have a costa around the mesoporus: Balmea (Fig. 4) , C. matudae (Fig. 20 ), H. killipii, H. parasitica and H. macbridei (Fig. 36 ). H. killipii and Cosmibuena spp. (Fig. 18 ) have a slight protrusion near the endoaperture. In B. guatemalense we observed only one undifferentiated slit-like opening in the pollen wall. Attempts to reproduce this surprising observation on ultrathin sections failed because of poorly preserved herbarium material.
H. longifilamentosa, H. palmana, H. panamensis, H. costanensis
Sexine ornamentation
All Hillieae species examined have tectate sexine ornamentation and in most the ornamentation type Table 1 . Summary of pollen characters for all species studied. Abbreviations, from left: P, perforate; E, eutectate (measurements are minimum−(mean)−maximum); AI, apocolpium index; CE, colpus ends (T, truncate; R, rounded; A, acute; F, fish-tail;); SP, surface porus; TA, thickness of annulus; OM, ornamentation of mescocolpium (P, perforate, E, eutectate, R, reticulate, M, microreticulate, F, foveolate); OA, ornamentation of apocolpium (abbreviations per OM); øM, perforation diameter of mesocolpium; øA, perforation diameter of apocolpium; PDM, perforation density of mesocolpium; PDA, perforation density of apocolpium; S/N, sexine/ nexine; Tec, tectum; Col, columellae; Nex, nexine; -absent; ? no observations; * not applicable Species of the mesocolpium and apocolpium differs. Mostly the tectum is smooth without supratectal elements; a few species have muri with transverse bands [H. killipii (Fig. 48) , H. macromeris] while Blepharidium (Figs 9, 11) has a rough, uneven tectum surface. Four main categories of sexine ornamentation can be distinguished: eutectate, perforate, microreticulate and reticulate. In general the perforations/lumina are smaller towards the apocolpia. The different types of tectum patterns were compared using SEM and TEM (Figs 5, 6, 21, 22, 37, 38, 45, 46, 48 (Fig. 19) .
Inner nexine ornamentation
All species investigated show a granular inner layer on acetolysed, broken grains (Figs 4, 29, 30, 44) . This layer most likely corresponds to the membraneous granular layer (MGL) (El-Ghazaly & Huysmans, 2001) and is interrupted by the endoapertures. The surface of the endocolpi is smooth (Fig. 30) .
Wall stratification and ultrastructure
The ultrastructure of the pollen exine was observed with TEM in seven species: Balmea stormae, Blepharidium guatemalense, B. mexicanum, C. grandiflora, H. killipii, H. illustris and H. tetrandra) . The wall structure of Hillieae pollen is always tectate-columellate. In Cosmibuena spp. and H. tetrandra the columellae are strongly reduced (Figs 22, 37, 38) . The exine is relatively thin, its thickness ranging between 0.62 mm in H. loranthoides and 1.66 mm in H. ulei (Fig. 29) . In all species examined with TEM, MGL is present between the endexine and the intine (ElGhazaly & Huysmans, 2001 ). In Ba. stormae, the Orbicules on locule wall were observed in critical point-dried anthers. Abbreviations: C, columellae; E, endexine; F, foot layer; IL, inner layer; OL, outer layer; T, tectum. Fig. 1 . 3-zonocolporate grain in polar view, perforate sexine. Fig. 2 . Full section through mature pollen grain; note relatively thin intine and columellate wall structure (TEM). Fig. 3 . Detail of ectocolpus in equatorial view. Fig. 4 . Inside view of fragment of grain, endocolpus with costa surrounding the mesoporus (arrow). Fig. 5 . Wall stratification seen on broken grain, nexine ornamentation granular. Fig. 6 . Section through perforate sexine; note well developed foot layer, thinner, slightly more electron dense endexine and the granular MGL (arrow) (TEM). Fig. 7 . View of inner locule wall, small spherical orbicules with smooth surface. Fig. 8 . Section through orbicules with small electron-lucent core on tapetal remnants (arrows) (TEM). Scale bars. Figures 9-16. Blepharidium. Fig. 9 . B. guatemalense. Polar view of mono-aperturate, perforate pollen grain. Fig. 10 . B. mexicanum. Polar view of 5-aperturate, perforate grain. Fig. 11 . B. guatemalense. Detail of ornamentation. Fig. 12 . B. mexicanum. Detail of ornamentation. Fig. 13 . B. guatemalense. Detail of single, undifferentiated aperture. Fig. 14. B. mexicanum. Detail of aperture. Fig. 15 . B. guatemalense. Tiny, spherical orbicules with smooth surface on inner locule wall. Fig. 16 . B. mexicanum. Tiny, spherical orbicules with smooth surface, embedded in tapetal membrane. Scale bars. Fig. 17 . C. macrocarpa. 3-zonocolporate, eutectate grain in polar view. Fig. 18 . C. macrocarpa. Few pollen grains on locule wall; note slight protrusion indicating position of endocolpus (arrow). Fig. 19 . C. matudae. Presence of more and larger perforations near the apertures (arrow). Fig. 20 . C. matudae. Inside view of broken grain; note endoaperture and costa surrounding mesoporus. Fig. 21 . C. grandiflora. Wall stratification on broken grain in apertural region. Fig. 22 . C. grandiflora. Section through eutectate sexine, columellae are strongly reduced (black arrow), MGL is prominent under endexine (white arrow) (TEM). Fig. 23 . C. matudae. Spherical orbicules on locule wall mutually linked with thread-like structures. Fig. 24 . C. grandiflora. Section through orbicules with small, electron lucent core (arrows) (TEM). Scale bars. Fig. 25 . H. triflora var. pittieri. Polar view of 3-zonocolporate, perforate grain. Fig. 26 . H. illustris. Equatorial view of reticulate mesocolpium. Fig. 27 . H. rivalis. Equatorial view of compound aperture. Fig. 28 . H. costanensis. Endocolpus (arrow) perpendicular to ectocolpus (LM). Fig. 29 . H. ulei. Wall stratification on broken grain; note granular nexine ornamentation. Fig. 30 . H. ulei. Endocolpus on broken grain (arrow). Fig. 31 . H. costanensis. Spherical orbicules with smooth surface on inner locule surface. Fig. 33 . H. palmana. Polar view of 3-zonocolporate, eutectate pollen grain. Fig. 34 . H. palmana. Eutectate mesocolpium. Fig. 35 . H. palmana. Equatorial view with aperture. Fig. 36 . H. macbridei. Inside view of broken grain, costa. Fig. 37 . H. palmana. Wall stratification on broken and collapsed grain; note massive structure without distinct columellae. Fig. 38 . H. tetrandra. Section through eutectate sexine, columellae are strongly reduced (TEM). Fig. 39 . H. panamensis. Tiny orbicules embedded in tapetal membrane. Fig. 40 (Fig. 22) . It consists of the following: tectum 0.5 mm, columellae c. 0.11 mm, foot layer c. 0.28 mm, endexine c. 0.09 mm, MGL c. 0.13 mm. In a section through the aperture of H. killipii two layers of the intine are visible: a thin inner and a thicker outer layer (Fig. 46) . Locally, the columellae in H. tetrandra (Fig. 38) and Cosmibuena spp. (Fig. 22 ) are absent and in the intine some electron dense granules and fibres are observed.
Orbicule characters
All Hillieae species examined produce orbicules in the anther locule. To describe the size of the orbicules, we measured the longest axis and the circumference. The longest axis ranges between 0.13 mm (Balmea stormae, Fig. 7 ) and 1.58 mm (C. matudae, Fig. 23 ) and the circumference between 0.5 mm (Balmea stormae) and 4.2 mm (C. matudae) ( Table 2 ). The orbicules are mostly spherical. In the species of Hillia subgen. Hillia they are composed of different parts (Fig. 47) . In H. subgen. Hillia (Figs 32, 47 ). H. triflora var. pittierii, H. loranthoides, H. maxonii and H. panamensis (Fig. 39 ) the orbicules are embedded in the tapetal membrane. In two Cosmibuena spp. (Fig. 23 ). H. longifilamentosa, H. allenii, H. rivalis and H. triflora var. triflora they are mutually linked with thread-like structures. In most species they appear on the tapetal remnants of the whole anther. In Cosmibuena spp., H. grayumii, H. ulei, H. rivalis and H. triflora, however, they appear only in the middle of the anther. They have a smooth surface. In some species there is a central perforation: Blepharidium (Figs 15, 16 ), C. matudae (Fig. 23 ), H. tetrandra, H. subgen. Andinae and H. subgen. Ravnia.
TEM observations revealed considerable variation in orbicule ultrastructure. In most orbicules the core is slightly more electron-lucent. The core in Balmea stormae and H. killipii is irregular (Figs 8, 48 ). In C. grandiflora some of the orbicules have two rounded cores (Fig. 24) . In H. illustris and H. tetrandra the core is rounded and in H. illustris the core is flattened.
PHYLOGENETIC ANALYSES
Heuristic searches found one minimal-length topology of 4692 steps (CI = 0.422, HI = 0.578, RI = 0.632). The strict consensus tree is shown in Figure 49 .
Both Blepharidium spp. form a clade at the base of the Hillieae but whether they are part of the Hillieae can neither be confirmed nor rejected based on this analysis (Fig. 49) . Hillia subgen. Hillia turns out to be a paraphyletic group. Tetrandrae, another Hillia subgenus, is a monophyletic group in our analysis and together with the monospecific subgenus Andinae, it forms a well supported clade (97% bootstrap value). The sister group of this latter clade is Cosmibuena, which also becomes a subgenus of Hillia, thus making the latter monophyletic. The remainder of Hillia consists of the paraphyletic subgenera Ravnia and Illustres, although they constitute a monophyletic clade with Balmea.
In our analysis, Hillia includes two other genera: Cosmibuena and Balmea. This extended genus Hillia is well supported, with a bootstrap support of 85% (Fig. 49) .
DISCUSSION
We first discuss the main groups of the Hillieae as recognized by Taylor (1994) and how they are supported by our palynological characters (see Table 3 for a summary). We then comment on the phylogenetic relationships within the Hillieae, based on our cladistic analysis.
MAIN GROUPS OF THE HILLIEAE
Balmea (Figs 1-8)
The genus Balmea is characterized by perforate 3-zonocolporate pollen with a small rounded porus. The genus shares all other characteristics with Hillia subgen. Ravnia and H. subgen. Illustres. Therefore, it is not surprising that B. stormae emerges as part of Hillia, close to subgenera Ravnia and Illustres. Evidence for a relationship with Ravnia can be found in the shape of the pollen (prolate-spheroidal), and with Illustres in the thickness of the annulus and the presence of endocolpi.
Blepharidium (Figs 9-16)
The genus is characterized by perforate monoaperturate and multiaperturate pollen, with a rough, uneven tectum surface. Monoaperturate pollen has never been recorded before in the Rubiaceae (Huysmans et al., unpubl. data) . This, together with molecular evidence (Rova, 1999) suggests that Blepharidium should be excluded from the Hillieae tribe. Many questions remain about this genus. A revision or systematic treatment of the two species is not available and the number of herbarium sheets collected is too limited to allow an in-depth study. Our attempts to obtain fresh or preserved flowers failed so we were not able to confirm , while the quality of embedded herbarium material proved to be inadequate to reveal the apertural structures using TEM. In spite of this, we were able to study all the available specimens using SEM and confirm that the grains were monoaperturate. Fig. 41 . H. killipii. Polar view of 3-zonocolporate, perforate pollen grain. Fig. 42 . H. macromeris. 3-zonocolporate, microreticulate grain in polar view. Fig. 43 . H. macromeris. Detail of ring around mesoaperture (nonacetolysed pollen grain). Fig. 44 . H. macromeris. Inside view of broken grain, endoaperture absent, granular nexine ornamentation. Fig. 45 . H. killipii. Wall stratification on broken grain, distinct columellae layer. Fig. 46 . H. killipii. Section through apertural region with a thick inner intine layer and a thinner outer intine layer; note also the ribbed surface of muri corresponding with transverse bands in SEM (TEM). Fig. 47 . H. killipii. Large orbicules composed of several parts on inner locule surface (arrow), slightly embedded in tapetal membrane. Fig. 48 . H. killipii. Spherical orbicules with an irregular core that is sometimes flattened (arrow), muri with transverse bands (dotted arrow) (TEM). Scale bars. apocolpium. Numerous differences include size of the porus, endings of the colpi, thickness of the annulus, nexine and tectum, length of the columellae, P/E, exine ornamentation of the mesocolpium and perforation size and density on the apocolpium.
Subgen. Tetrandrae:
In pollen morphology this subgenus is characterized by prolate spherical grains, eutectate exine ornamentation, a smooth colpus membrane and AI 0.36-0.42. Annulus, tectum, columellae and nexine have a similar size in all species (except for H. loranthoides). The sexine/exine proportion is similar, endocolpi are absent and a costa is present. Hillia panamensis is an atypical representative, characterized by a perforate mesocolpium and an oblate spherical shape.
PHYLOGENETIC RELATIONSHIPS WITHIN THE HILLIEAE
Cosmibuena is monophyletic in our analysis, but it makes Hillia paraphyletic. Blepharidium does not seem to be part of the tribe because of its deviating pollen type, which is unique for the Rubiaceae. The subgenera of Hillia are palynologically well supported, as discussed above. The main pollen characters of the genera and subgenera are summarized in Table 3 .
ARE THE HILLIEAE MONOPHYLETIC?
Our sampling was not designed to tackle this question. However, our results provide evidence to support the molecular data, which implied that the Hillieae are not monophyletic. A phylogenetic study of the Rubiaceae based on rps16 sequences (Rova, 1999) reveals that Hillia, Cosmibuena and Blepharidium appear in the Cinchonoideae clade. Hillia and Cosmibuena form a sister group, while Blepharidium seems only distantly related. The same conclusions can be drawn from trnL-F data (Bremer et al., 1995 
CONCLUSIONS
Palynological characters proved to be useful for investigating relationships within and between the four genera of the Hillieae. Characters such as sexine ornamentation and apocolpium index are phylogenetically informative. However, the same is not true for the presence of endocolpi and orbicules. Some hypotheses previously proposed by Taylor (1994) based on a cladistic analysis of macromorphological data are supported by our pollen data. In general, the subgenera of Hillia as recognized by Taylor (1994) are well supported in terms of the morphology of their pollen. The close relationship between the subgenera Andinae and Tetrandrae, for instance, is well reflected in our resulting topology, where they form a monophyletic group. They share a lot of palynological characters, such as a eutectate sexine and a smooth colpus membrane (see Table 3 ).
The most remarkable result of the present study is the deviating pollen morphology of Blepharidium. The two species have small, subprolate pollen grains which have one, four or five apertures and a rough tectum. Monoaperturate pollen is unknown in the Rubiaceae. Confirmation of these observations is desirable, with attention paid to the viability of the grains if fresh material can be obtained. The systematic position of Blepharidium remains highly questionable; its species form a monophyletic clade that takes an isolated and basal position in our analysis. Molecular data suggest a position outside Hillieae, which is supported by the deviating pollen type.
The genus Cosmibuena is characterized by eutectate sexine ornamentation of the mesocolpia (except in C. valerii), a perforate sexine pattern on the apocolpia and the presence of more and larger perforations near the apertures. In our phylogenetic analysis, it constitutes part of the Hillia clade, and reduction to a subgenus of Hillia would make the latter monophyletic. This hypothesis needs further testing with molecular data.
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